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Method and device for drying of micro-organisms 

This invention is concerned with a simplified procedure for the substantially 
dry storage of micro-organisms at temperatures above freezing without the 
need to apply external drying/vacuum to the system. The method involves 
placing a small amount of the material containing the micro-organisms into 
a re-sealable strip device containing dry, water absorbent material of much 
greater mass in so doing rendering the micro-organisms substantially dry 
and stable in storage. 

Background Art 

Very few micro-organisms are naturally able to withstand storage in the 
vegetative state without specific laboratory manipulation. One of the first 
laboratory methods developed for the maintenance of micro-organisms 
over long periods was continuously growing and subculturing the cells. 
However, this is a tedious, time-consuming process with a high chance of 
contamination by foreign organisms and may result in significant genetic 
change (e.g. loss of plasmids and/or other important genetic determinants). 
There are many other established methods, all based on reducing 
metabolic activity, for the long-term storage of micro-organisms in the 
vegetative state. They have in common either 

(i) a very low storage temperature (often -60 9 C or lower) and/or 

(ii) the removal of water from the micro-organisms in a sealable 
container by application, of external physical processes (vacuum or 
heat) followed by sealing the container from later ingress of water 
vapour during storage. 

An improvement over existing drying and storage methods would give 
significant benefits if it were to be performed without the complicated drying 
equipment needed for the removal of water from the micro-organisms by 
application of external physical processes, without pre-treatment of the cells 
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and if it were to yield dried micro-organisms that could be stored at 
temperatures above freezing. 

Some attempts have been made to dry cells at room temperature with the 
5 aid of desiccating chemicals such as P2O5, silica gel or CaCfe. However, all 
of these methods, as disclosed in the literature, show major disadvantages. 

B. Janning et al. v Journal of Applied Bacteriology, 77 (1994), 319-324 
investigated the drying of micro-organisms by directly contacting them with 
1 0 silica gel. Data reported by Janning et al showed a wide range of variation 
in the susceptibility of different bacterial strains to drying by this method, 
including data showing poor viability and recovery of Escherichia coli 
strains. 

1 5 When directly contacting the cells with desiccating chemicals, as in this 
method, only some of the micro-organisms survive as the desiccating . 
chemicals may be toxic to the micro-organisms. In addition, the hydration of 
desiccating chemicals such as silica gel gives heat which may also be 
lethal to micro-organisms. In the method of B. Janning et al, rehydration of 

20 the samples has to be performed very carefully at low temperatures for this 
reason. 

J. Antheunisse et aL, Antonie van Leeuwenhoek 47 (1981), 539-545, 
disclose the drying of micro-organisms in an exsiccator containing CaCfe 

25 and silica gel as desiccating chemicals. Direct contact between the micro- 
organisms and the desiccating chemicals is avoided by putting the micro- 
organisms in ampoules containing a folded strip of filter paper and provided 
with cotton stoppers. Drying could be achieved within one week. After this, 
the ampoules have to be removed from the dry environment of the 

30 exsiccator, exposing the cultures to the risk of absorption of atmospheric 
moisture in so doing, before sealing with paraffin wax for convenient long 
term storage. J. Antheunisse et al reported that immediately after drying the 
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logarithmic exponent of number of viable cells had decreased by 2-3 units 
and that in some cases this initial decline in viability was even greater, 
reflecting that this drying method is not optimal for many bacterial strains. 

5 T. Popovic et aL, Journal of Clinical Microbiology, 36(6) (1 998), 1 765-1 766, 
report the use of foil envelopes containing sterile silica gel. The micro- 
organisms are harvested with a polyester swab and the swab with the 
harvested micro-organisms is put within the foil envelope. T. Popovic et al 
reported survival of Neisseria meningitidis at room temperature, describing 

1 o recovery by stating that all strains exhibited heavy growth for at least 4 days 
but also that moderate growth on average persisted until day 9, suggesting 
significant reduction in viability in a relatively short period at room 
temperature. Table 1 in T. Popovic et al further illustrates significant 
decrease in strain viability in storage at room temperature for up to 90 days. 

15 

Methods such as those disclosed by J. Antheunisse et al and by T. Popovic 
et al in which the micro-organisms are not directly contacted with the 
desiccating chemicals or any other water absorbent preparation result in 
elongated drying times, more complicated procedures and a more 
20 complicated design of the device. Published results for these methods 
indicate aspects in which the decline in viable count of the test micro- 
organisms is marked, indicating that these methods are not optimal or 
adequate for long term storage. 

25 It has been found that in spite of the drawbacks of prior art a simple and 
convenient device and method for drying micro-organisms with the aid of 
desiccating chemicals can be realised if the micro-organisms are directly 
contacted with a dry water absorbent preparation further containing 
protective substances which stabilise the micro-organisms throughout 

30 drying and storage whilst, in addition, preferably, desiccating chemicals 
such as silica gel or molecular sieve materials are incorporated into the 
device without being in direct contact with the micro-organisms. In addition, 
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the design of the device is chosen such that application of the micro- 
organisms, drying, storage and rehydration can be performed as rapidly 
and as conveniently and effectively as possible. 

5 Brief Description of the Invention 

The present invention relates to a re-sea!able strip device for drying and 
storage of micro-organisms comprising 

- a strip comprising a water absorbent preparation containing at least one 
1 o water absorbent substance and at least one protective substance 

- a re-sealable housing which when being sealed provides a closed, 
water-impermeable system around the strip. 

In one embodiment of the invention the water absorbent preparation 
15 incorporates substances that have both protective and water absorbent 
properties. 

In another embodiment of the invention the primary water absorbent 
preparation further comprises one or several absorbent bibulous foam or 
20 fibre-based pads or other matrices. 

In one embodiment of the invention, the water absorbent preparation is in 
contact with or in proximity to a secondary water absorbent preparation. 

25 In one embodiment of the invention, the secondary water absorbent 
preparation comprises a desiccating chemical such as silica gel or 
molecular sieve materials. 

In a preferred embodiment of the invention the secondary water absorbent 
30 preparation has the format of one or several absorbent beads, tablets, 

coupons, labels, polymer films, plugs, bibulous foam or fibre-based pads 
enclosed within the strip device. 
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In a further preferred embodiment the re-sealable housing is a foil pouch. 

In a further embodiment the re-sealable housing comprises one or more 
5 access windows over each of which there is a water impermeable cover 
that can be opened and re-sealed such that once re-sealed the device 
regains its water impermeable properties. 

In a further embodiment the re-sealable housing has a label on to which 
10 details of the micro-organism preparation can be noted and/or recorded by 
means such as bar coding. 

In a further embodiment the re-sealable housing has a secondary tear or 
peel seal which can be opened in order to aseptically remove the strip. 

15 

The present invention further relates to a process for the drying and storage 
of viable micro-organisms by 

a) providing a re-sealable strip device according to the present invention 

b) opening a re-sealable access (inoculation) window cover in the housing 
20 of the strip device to gain access to the strip 

c) adding the micro-organism preparation to be dried through the said 
window on to the water absorbent preparation located on the strip 

d) sealing the strip device by closing the re-sealable window cover on said 
housing 

25 e) storing the strip device, 

whereby the amount of the micro-organism preparation and the amount of 
the water absorbent preparation within the device are chosen such that 
after the addition of the micro-organism preparation the water absorbent 
preparation is able to absorb the water contained in the micro-organism 

30 preparation and remain substantially dry, in so doing rendering the micro- 
organisms substantially dry and bringing them into contact with the 
protective substances in order to be stable in storage. 
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In a preferred embodiment, after step e), the micro-organisms are 
recovered by 

f) opening the strip device and removing the strip from the housing 
5 g) rehydrating the micro-organisms. 

In an embodiment of the method according to the present invention, in step 
e) the strip device is stored at a temperature between -70°C and 37°C. 

10 In a preferred embodiment of the method according to the present 

invention, in step e) the strip device is stored at a temperature between 0°C 
and 30°C. 

The present invention further relates to a kit for drying and storage of micro- 
15 organisms at least comprising a re-sealable strip device according to the 
method of the invention. Said kit may also include any required information 
on procedures and/or ancillary materials such as containers of relevant 
solutions such as buffers or solutions incorporating protective substances 
that may be needed to optimise said procedures to achieve maximum 
20 efficiency of the preservation procedures. 

Description of the Drawings 

Figure 1 shows an example of a format for a re-sealable strip device 
25 according to the present invention. 

Figure 2 shows a flow diagram representation of an example of the method 
according to the present invention used to preserve cells by storage in a re- 
sealable strip device. 

30 

A detailed description of Figure 3 can be found in Example 1 . 
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Detailed Description of the Invention 

This invention relates to a device and a method for drying micro-organisms 
for long-term storage. This is achieved by placing a preparation containing 
the micro-organisms (the micro-organism preparation) into a re-sealable 
strip device. The strip device comprises a water impermeable re-sealable 
housing and a strip within the housing. The strip comprises a solid support 
on to which is attached one or more water absorbent preparations. A water 
absorbent preparation comprises at least one or more water absorbent 
substances and one or more protective substances, whereby the volume of 
the micro-organism preparation and the amount and composition of the 
water absorbent preparation are chosen such that after the addition of the 
micro-organism preparation on to the water absorbent preparation and re- 
sealing of the test strip the said water absorbent preparation is able to 
absorb the water contained in the added micro-organism preparation and 
remain substantially dry, in so doing rendering the micro-organisms therein 
substantially dry and stable to storage. 

The solid support is typically non-water absorbent material, often plastic 
such as polyester sheet. The water absorbent preparation is typically 
bonded to the solid support by adhesive. In another embodiment, the water 
absorbent preparation further comprises one or several absorbent bibulous 
foam or fibre-based pads or matrices being bonded to the solid support and 
incorporating one or more water absorbent substances and one or more 
protective substances. 

According to the present invention, the expression "re-sealable device" 
means a device which is sealed to water ingress prior to use is such a way 
that within the water impermeable external housing of said device there are 
one or more holes (access windows) the water impermeable covers over 
which can be opened to allow access into the device then re-sealed to 
. restore the barrier to water ingress. 
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The micro-organisms or cells that can be dried and stored according to the 
present invention include bacteria such as, but are not limited to, 
Enterobacteriaceae, such as Escherichia coli (including strains used for 
5 molecular biology procedures including transformation and including strains 
already transformed), Vibrionaceae such as Vibrio fischeri, organisms of 
industrial importance (Lactobacilli Spp.), organisms of medical relevance, 
Pseudomonadaceae, etc. Cells need not be in vegetative form but can also 
be in the spore state. 

10 

In another aspect of this invention, cells, for example E.coli NovaBlue 
(Novagen Inc., Madison, USA), can be dried using the method of the 
invention and then, after storage, rehydrated with a suitable competency 
inducing solution such that it is then possible to directly transform the cells 
15 with exogenous DNA, such as plasmid molecules, according to the method 
of WO 02/50252. 

According to the invention, the sample of micro-organisms which is added 
to the device is called the micro-organism preparation, independently of 

20 how it is added (e.g. directly or after resuspension). Various sources of 
micro-organisms can be used, for example colonies, liquid-cultures, field 
samples, blood samples, etc. The micro-organism preparation can be 
obtained, for example, by sampling from a colony growing on a solid 
microbiological growth medium. This micro-organism preparation can be 

25 added direct onto the water absorbent preparation on the strip within the 
device or first suspended in a suitable solution before addition to the 
device, the latter shown in the flow diagram representation in Figure 2. 
Alternatively the micro-organism preparation can be obtained by sampling 
from a liquid culture or suspension of cells. In all cases above, as an 

30 example, a 1 uJ loop can be used to transfer the micro-organism preparation 
into the device. 
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ln all cases the micro-organism preparation can be pre-mixed with a 
solution containing protective substances prior to addition to the device. 
This may be achieved by dilution with such a solution or by centrifugation of 
the micro-organism preparation followed by re-suspension in such a 
5 solution. One can use the same protective substance(s) that is/are part of 
the water absorbent preparation or different protective substance(s). 

As an example, a late logarithmic or stationary phase bacterial culture may 
contain approximately 10 9 cells per millilitre, equivalent to 10 6 cells per 
1 o microlitre, so that very significant numbers of cells can easily be applied to 
the strip device in relatively low volumes of liquid. 

The volume of the micro-organism preparation and the amount and type of 
the water absorbent preparation or preparations within the re-sealable strip 

1 5 device are chosen such that after the addition of the micro-organisms the 

water absorbent preparation is able to absorb the water contained in the * 
added sample, in so doing rendering the micro-organisms substantially dry. 
Importantly this represents a closed system which is self-drying without 
external physical processes. Substantially dry means that the final amount 

20 of water after addition of the cells in the preparation(s) is preferably less 

that 10% w/w, more preferably less than 5% w/w and even more preferably 
less than 2% w/w water. The amount of water absorbent preparation 
needed depends upon the amount of micro-organism preparation to be 
dried and upon the water absorbing capacity of the material. A person 

25 skilled in the art is able to find out a suitable amount of water absorbent 
preparation so that it remains substantially dry after the addition of the 
micro-organism preparation and in doing so rendering the micro-organisms 
substantially dry. 

30 These substantially dry conditions and careful choice of the water 

absorbent preparation and the protective substances therein enhance long- 
term stability of the micro-organisms, even at temperatures above freezing. 
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The water absorbent preparation that can be used to dry the cells according 
to the procedure of the present invention comprises at least one water 
absorbent substance and one protective substance. A protective substance 
is a substance which actively promotes maintenance of viability of the cells 
5 during and after drying. 

The protective substances which are preferably incorporated into the water 
absorbent preparation and which are thus in contact with the micro- 
organisms are chosen to stabilise the cells during the drying process and 

10 minimise loss of viability. In particular, the protective substances assist in 
the preservation of the structural integrity of the cells in the dried state and 
also especially in the transition stages (drying and rehydration respectively) 
into and out of the dried state. Such protective substances may also act as 
water absorbent substances when incorporated into the water absorbent 

15 preparation. 

Examples of protective substances include carbohydrates (either natural or 
synthetic), for example, sugars (e.g. sucrose, lactose, lactitol, trehalose, 
glucose, cellobiose, raffinose, cyclodextrin) and derivatives thereof and/or 
20 polymers (sugar and non-sugar based) and derivatives thereof and/or 
amino acids, peptides or proteins and derivatives thereof and/or protein- 
based preparations and fractions such as bovine serum albumin fraction V. 
This list is not intended to be comprehensive as such protective substances 
are well known to those skilled in the art. 

25 

The water absorbent substances can include any substance which is able 
to absorb water and whose properties (e.g. acidity, chemical reactivity) 
have no negative influence on the viability of the cells in the micro-organism 
preparation. Such material should not for example generate significant heat 
30 by exothermic reaction during the process of drying of the micro-organism 
preparation. 
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Specific examples for suitable water absorbent substances are dried 
carbohydrates or other organic or inorganic polymers like starch, dextrin, 
dextran, cellulose, protein, polypeptide, agar, agarose, polyacrilamide, 
sephadex, sepharose or mixtures thereof. 

5 

In one embodiment, the water absorbent substances additionally show the 
properties of protective substances, so that the water absorbent preparation 
may only comprise one substance which functions both as a water 
absorbent substance and as a protective substance. One example for such 
10 a substance would be a dried carbohydrate such as trehalose or sucrose. 

In addition, the water absorbent preparation may be formulated to include 
other biologically compatible substances familiar to those skilled in the art 
such as biologically compatible buffer components, for example HEPES [N- 

1 5 [2-HydroxyethyI]piprazine-N'-[2-ethanesulfonic acid], microbiological culture 
media or components of such media, activated charcoal, compatible 
solutes such as ectoines (reference: Louis P et al., Appl. Microbiol 
Biotechnol (1994) 41 : 684-688), vitamin C or other biologically compatible 
reducing agents or antioxidants, and enzymes such as superoxide 

20 dismutase, peroxidase or chemicals which directly or indirectly neutralise 
free-radicals or neutralise chemicals which readily react to yield free- 
radicals. 

Preferably, the water absorbent preparation consists of sugars such as 
25 trehalose and/or sucrose and one or more biologically compatible buffer 
components. 

In another embodiment of the invention the water absorbent preparation 
has the format and thereby uses as a carrier of the protective substances 
30 one or several absorbent bibulous foam or fibre-based pads or matrices on 
the solid support incorporated within the strip device. Suitable pad 
materials include materials such as conventional cellulosic paper, 
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nitrocellulose or derivatives thereof. Glass fibre materials, fibrous plastic 
materials such as Porex® sheet materials (Porex Corporation), activated 
charcoal cloth and non-woven fabrics comprising such materials as viscose 
and polyester may also be used. All such materials above are well known to 
5 those skilled in the art. 

In another preferred embodiment of the present invention, in addition to the 
water absorbent preparation (in the following, for ease of understanding 
called "primary water absorbent preparation"), the strip device further 

1 o comprises a secondary water absorbent preparation. The secondary water 
absorbent preparation (either directly in contact with the primary water 
absorbent preparation or remote from it and in either case within the strip 
device) further enhances the efficiency of drying of the micro-organism 
preparation within the device. The primary water absorbent preparation is 

1 5 put directly in contact with the micro-organism preparation. If the amount of 
primary water absorbent preparation in relation to the amount of micro- 
organism preparation is too low to completely render the micro-organisms 
substantially dry or to ensure fast drying of the micro-organism preparation, 
the secondary water absorbent preparation is used to remove the excess 

20 water in the system. The amount of secondary water absorbent preparation 
is sufficient that the whole mixture becomes substantially dry. Typically, for 
a certain micro-organism preparation, the amount of primary and secondary 
water absorbent preparation taken together is equivalent to the amount of 
water absorbent preparation that would be needed if no differentiation was 

25 made and the whole water absorbent preparation was put directly in contact 
with the micro-organism preparation. 

Primary and secondary water absorbent preparations can be made of the 
same or different water absorbent substances and can incorporate the 
30 same or different protective substances. They can have the same or 
different physical formats. Typically, the secondary water absorbent 
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preparation need not incorporate any protective substances if it has only 
marginal contact with the micro-organism preparation. 

Preferably, the secondary water absorbent preparation has the format of 
5 one or several beads, sachets, tablets, coupons, labels, polymer films, or 
pellets which may or may not be attached to the strip. It can be an 
advantage of such a combination of formats for the water absorbent 
preparations when, after storage and opening of the secondary seal of the 
water impermeable protective outer housing of the re-sealable strip device, 
1 o the strip can then be easily separated from the secondary water absorbent 
preparation prior to rehydrating the micro-organism preparation from out of 
the primary water absorbent preparation. In this way the volume of solution 
needed to rehydrate the micro-organism preparation from out of the primary 
water absorbent preparation is lower than that required for rehydrating both 
15 the primary and secondary drying preparations. This has the further 

advantage that as less rehydration solution may be used, the resultant 
suspension of micro-organisms is more concentrated. 

In another embodiment of the present invention water absorbent 
20 substances which do not need to be biologically compatible (desiccating 

chemicals) may be present within the device in secondary water absorbent 
preparations but physically separated from the micro-organisms. In this way 
desiccating chemicals which have excellent water absorbent properties can 
be deployed in the device in secondary water absorbent preparations 
25 without deleterious effects upon the micro-organism preparation caused, for 
example, by exothermic reaction upon hydration. Preferred examples of 
such desiccating chemicals which do not need to be biologically compatible 
are molecular sieves like zeolites, inorganic oxides like aluminium oxide or 
silica gel, montimorillonite clay or other materials known to those expert in 
30 the art. 
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In another embodiment of the present invention water absorbent 
substances or desiccating chemicals which do not need to be biologically 
compatible may be present within the device by incorporation of these 
substances into the material of the solid support of the strip. 

5 

The re-sealable housing of the strip device according to the present 
invention comprises a water impermeable protective outer packaging such 
as an aluminium foil pouch. Other water impermeable protective outer 
packaging materials are well known to those skilled in the art. 

10 

In a preferred embodiment, within the housing, there are one or more 
access windows over each of which there is a water impermeable cover 
that can be opened and re-sealed such that once this is done the device 
regains its water impermeable properties. Typically, the water impermeable 
15 cover would be secured to the device by suitable re-sealable adhesive at its 
periphery. The water impermeable cover could in this case take the form of 
a peelable tape. 

Alternatively a hinge design can be conceived in which the cover is an 
20 integral part of the water impermeable protective outer packaging of the 

device and therefore secured by suitable re-sealable adhesive at only part 
of its periphery. 

Alternatively a two-step mechanism can be conceived in which the primary 
25 cover over a given access window is peelable and removable and a 

secondary cover, such as a tape, is subsequently put into place over the 
access window so that the device regains its water impermeable properties. 

In a further embodiment the water impermeable protective housing such as 
30 an aluminium foil pouch has a label on to which details of the micro- 
organism preparation can be noted and/or recorded by means such as bar 
coding. 
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In a further embodiment the housing has a secondary tear or peel seal 
which can be opened as required after storage in order to aseptically 
remove the strip holding the micro-organism preparation for reconstitution 
5 of the dried micro-organism preparation for use. 

Typically, the contents of the re-sealable strip devices including the water 
absorbent preparation need to be sterile before adding the micro-organism 
preparation. The components of the devices may be sterilised separately 
1 0 prior to assembly or the devices may be sterilised subsequent to this but 
prior to adding the micro-organism preparation, for example using gamma 
irradiation or similar treatment. Thus there is no risk of contamination from 
micro-organisms which happen to have been introduced into the system 
during manufacture of the devices. 

15 

Figure 1 shows an example of a format for a re-sealable strip device 
according to the present invention. Part A shows the strip, part B the 
housing. The strip comprises a plastic strip (1) on to which is attached the 
water absorbent preparation (2) comprising a pad with at least one water 
20 absorbent substance and at least one protective substance. A secondary 
water absorbent preparation (3) comprising a pad with at least one water 
absorbent substance is located further down the strip. 

The housing comprises a foil pouch (4) with one re-sealable access window 
25 (5). When the access window is peeled open at the peelable seal (5a) one 
gains access to the water absorbent preparation on the strip to be able to 
inoculate the micro-organism preparation on to the water absorbent 
preparation. For aseptically removing the strip from the housing, the 
housing can be opened by tearing the tear line (6). 

30 

The invention further relates to a process for the drying and storage of 
viable micro-organisms by 
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a) providing a re-sealable strip device according to the present invention 

b) opening a re-sealable access (inoculation) window cover in the housing 
of the strip device to gain access to the strip 

c) adding the micro-organism preparation to be dried through the said 
5 window on to the water absorbent preparation located on the strip 

d) sealing the strip device by closing the re-sealable window cover on said 
housing 

e) storing the strip device, 

whereby the amount of the micro-organism preparation and the amount of 
1 o the water absorbent preparation within the device are chosen such that 
after the addition of the micro-organism preparation the water absorbent 
preparation is able to absorb the water contained in the micro-organism 
preparation and remain substantially dry, in so doing rendering the micro- 
organisms substantially dry and bringing them into contact with the 
1 5 protective substances in order to be stable in storage. 

The sealed strip devices with micro-organisms dried according to the 
present invention can be stably stored at temperatures between -70°C and 
+37°C, preferably between 0°C and +30°C. Cells which are "stably stored" 
20 are able to withstand storage for extended periods of time at a suitable 

temperature, without appreciably losing their viability. The storage period of 
time may range from about 0 days to about 2000 days, typically from about 
20 days or less to about 500 days, although even longer storage times may 
be used at temperatures of less than about -20 °C. 

25 

After storage, the micro-organisms are recovered by 

f) opening the strip device and removing the strip from the housing 

g) rehydrating the micro-organisms. 

30 Rehydration is typically performed either by the addition of a suitable 
reconstitution solution to the water absorbent preparation holding the 
preserved micro-organism preparation or by insertion of the test device into 
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a suitable solution such as a microbiological culture medium or buffer 
solution. 

One example for the procedure of the method according to the present 

5 invention is shown in Figure 2. In step 1 , cells are removed from a colony of 
micro-organisms on an agar plate. In step 2, the cells are suspended in a 
small amount of sterile liquid medium which may contain protective 
substances. In step 3, the re-sealable window cover on the strip device is 
opened to gain access to the pad of the re-sealable strip device. In step 4, 

1 0 a small volume (1 uJ in this example) of the micro-organism preparation to 

be dried is taken and inoculated through the window on the device on to the 
water absorbent preparation in the pad on the strip device. In step 5, the 
strip device is straight away re-sealed by closing the re-sealable window 
cover on the test strip device. In step 6, the details of the micro-organism 

15 preparation are entered on to the label on the external packaging of the 
strip device. In step 7, the test strip is put into storage (for example in a 
fridge at 4°C) prior to use. In step 8, the strip device is opened in order to 
gain access to the preserved bacteria by opening a second seal, in this 
example a peel seal. In step 9, the strip device is then removed from its 

20 packaging. In step 1 0, the cells are rehydrated by the addition of a suitable 
rehydration solution either by direct addition to the pad (step 10a) or by 
insertion of the pad of the test device into a suitable rehydration solution 
(step 10b). In either step 10a or step 10b a microbiological culture medium 
could serve as a suitable rehydration solution. 

25 

In another example for the procedure of the method, step 2 may be omitted 
so that in the next step, the re-sealable window cover on the strip device is 
opened to gain access to the pad of the re-sealable strip device and then 
the cells removed from a colony of micro-organisms on an agar plate 
30 inoculated direct through the window on the device on to the water 
absorbent preparation in the pad on the strip device without prior 
suspension in liquid. 
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In another example for the procedure of the method, steps 1 and 2 may be 
omitted so that in the next step, a small volume (1p.l in this example) of a 
micro-organism preparation that is a pre-existing liquid suspension such as 

5 a broth culture is taken and inoculated through the window on the device on 
to the water absorbent preparation in the pad on the strip device. Such a 
suspension may contain added protective substances. Alternatively such a 
suspension may be constituted by prior centrifugation of a broth culture or 
other suspension of micro-organisms and resuspension of the micro- 

1 0 organisms in a solution of choice which may include protective substances. 
These additional preparatory steps of centrifugation and resuspension may 
be used to adjust the concentration of micro-organisms in the suspension 
inoculated through the window on the device on to the strip device, typically 
to concentrate the micro-organisms. 

15 

In another aspect of the invention, a kit is provided for simple and instant 
drying of micro-organisms according to the method of the present invention. 
The kit comprises at least one re-sealable strip device containing at least 
one water absorbent preparation incorporating one or more protective 

20 substances according to the present invention. Preferably, the water 
absorbent preparation is configured in the format of one or several 
absorbent bibulous foam or fibre-based pads or other matrices deployed on 
the strip enclosed within the strip device so that the user simply has to open 
the cover of the access window of the device, add the micro-organism 

25 preparation containing micro-organisms to the pad and re-seal the access 
window of the device for storage. Said kit may also include any required 
information on procedures and/or ancillary materials such as containers of 
relevant solutions such as buffers or solutions incorporating protective 
substances that may be needed to optimise said procedures to achieve 

30 maximum efficiency of the preservation procedures. 
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The device and method according to the present invention eliminate the 
need for applying external drying equipment after adding the micro- 
organisms. Drying of the p reparation (s) in the system is performed before 
the organisms are added, thus, the system is pre-prepared, sterilised (if 

5 required), and stored (without requirement for temperature controlled 

storage conditions) before use. The system thus has very few restrictions 
on when and where the micro-organism preparation sample is added, i.e. it 
is very flexible. Generally, storage at 4 S C or below is recommended for 
long term storage after addition of the micro-organism preparation although 

1 o this may depend on the organism. 

For the user, storage within the laboratory at temperatures above 0 °C is 
both more convenient and user-friendly and also more economic. 
Furthermore, the shipment of cells preserved in the way according to the 
1 5 present invention can be achieved without freezing and is therefore also 
more convenient. 

Compared to conventional storage methods, the main advantage of the 
self-drying methodology according to the present invention is the simplicity 

20 and convenience of the procedures involved in that typically the user only 
has to add a small amount of micro-organism suspension (or semi-solid 
material e.g. a colony) and then place in a refrigerator for storage. For 
example, it is not necessary to prepare sterile solutions with glycerol, a pre- 
requisite for typical storage in freezers or to store the cells over liquid 

25 nitrogen, thus, the process is simpler, safer and faster. In addition, the 

device is a closed system so there is no significant time period in which the 
device is open to atmosphere during the process of drying of the micro- 
organism preparation. This is in marked contrast to, for example, many 
freeze drying processes in which aerosols are likely during the drying 

30 process, thus the present invention makes the process of handling and 
drying pathogenic organisms much safer. 
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Without further elaboration, it is believed that one skilled in the art can, 
using the preceding description, utilise the present invention to its fullest 
extent. The preferred specific embodiments and examples are, therefore, to 
be construed as merely illustrative, and not limiting to the remainder of the 
5 disclosure in any way whatsoever. 

The entire disclosures of all applications, patents, and publications cited 
above and below, and of corresponding application EP 02027875.0, filed 
December 13, 2002, are hereby incorporated by reference. 

10 

Examples 

Experiment 1 To show cell survival on test stri o with protectant on the 
15 B§d 

Preparation of the strip devices 

Sealed test strips from HY-RiSE™ Colour Hygiene Test Strips (Merck 
KGaA Art No. 1 .31200.0001) were adapted in order to produce the self 

20 

drying storage strips. Using a scalpel, an access window was cut into the 
foil pouch enclosing the test strip allowing access to the test strip pad. This 
was carried out by making a cut on 3 sides of an area 5 mm x 5 mm. The 
foil pouch was cut open at the end furthest end from the pad and the strip 
removed. Approximately 1cm of the plastic strip was trimmed from the end 
25 distal from the pad. An 86//I aliquot of protectant (50% (w/w) Sucrose 

(BDHArt.no. 102745C) in Nutrient Broth NB (Nutrient Broth No.2, Merck 
KGaA, Art. no 10136) filter sterilised), was dispensed onto the pad and the 
strip placed beneath a hot air fan (Sunhouse 2000 made by T.I Sunhouse 
Ltd) for 30 minutes. The hot air fan was suspended above the bench in 

30 

such a manner that the grill from which the hot air was blown was pointing 
downwards. The distance from the bench top to the grill was 350mm. The 
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fan heater was switched onto maximum heat and resulted in an area of 
approximately 190mm x 270mm wherein the temperature achieved was 75- 
95°C. The strips to be dried were placed within this area upon a plastic grid 
(Denleystor, cryostorage ABS plastic gridded rack, 150mm x 150mm, with 
5 grids placed 5mm apart) raising the strips above the bench by 20mm. The 
strips were prepared and dried in batches of 36. 

Self adhesive desiccant (CSP Technologies, ACTIV-STRIP, M-0002-58,) 
was removed from the protective foil pouch, cut into 3 pieces of 44.0mm x 

1 o ~1 2.6mm x 0.60mm and placed immediately into a tin containing sachets of 
dry silica desiccant beads (Sigma, Silica beads for desiccation, Type II, size 
1/8 " beads). After the pads on the strips were dried the desiccant pieces 
were removed from the tin and attached to the strips (see Figure 1 for 
position). The strips were then returned to the foil pouches and the pouches 

1 5 placed in a second tin containing dry silica desiccant beads for interim 

storage. The pouches were removed from this tin and their cut ends were 
foil sealed using a Multivac A300 Packager. The packager was 
programmed to draw a vacuum of approximately 600mbar with 
heat/pressure seal time of 3.5 seconds, sealing pressure 1 atmosphere. 

20 The pouches were then placed into a third tin containing dry silica 

desiccant. The pouches were removed from the tin and a strip of self 
adhesive plastic film (Tenza Clearview Film Art No. 3291 11) placed over 
the access window. The strips were held at room temperature for at least 
16 hours prior to inoculation. 

25 

Preparation of the inoculum of concentrated cells 

A primary culture of E.coli JM109, a K12 derivative, (Deutsche Sammlung 
von Mikroorganismen und Zellkulturen GmbH {German Collection of 
30 Microorganisms and Cell Cultures} DSM 3423) was prepared as follows: 

JM109 cells were streaked on an LB (10g/l Tryptone (peptone from casein - 
Merck KGaA., Art. No. 1.07213), 5g/l Yeast Extract (Merck KGaA., Art No. 
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1.03753), 10g/l NaCI (BDH, Art No 10241), 15g/l Agar (Merck KGaA., Art 
No.536025J), pH adjusted to 7.5 with NaOH), agar plate, and the plate was 
incubated for 72 hours at 20 °C. 

5 From this a single colony was inoculated into a 30ml Universal vial (Sterilin, 
Art. No.128A) containing 3ml SOB medium (20g/I Tryptone (peptone from 
casein - Merck KGaA., Art. No. 1.07213), 5g/I Yeast Extract (Merck KGaA., 
Art No. 1.03753), 0.5g/l NaCI (BDH, Art No 10241), 0.186g/l KCI (BDH, Art 
NO.101984L)) supplemented with 30//1 2M Mg 2+ solution (1M MgSO 4 7H 2 0 

1 o (Fluka, Art No. 63138), 1 M MgCI 2 . 6H 2 0 (Fluka, Art No. 63068)) , and 

incubated at 37°C. The resulting culture (primary culture) was grown to an 
ODesonm of 0.40 (Pharmacia LKB, Novaspec II Visible Spectrophotometer), 
transferred to +4°C, and stored overnight. 

1 5 To create a seed stock a 1 ml aliquot of the primary culture was used to 
inoculate 50ml SOB medium supplemented with 500^/1 2M Mg 2+ (1M 
MgSO 4 7H 2 0 (Fluka, Art No. 63138), 1M MgCI 2 . 6H 2 0 (Fluka, Art No. 
63068) solution in a 250ml conical flask (Pyrex, Art. No. 1140/14) and 
incubated at 37°C, with shaking at 250rpm. The OD 65 onm was followed until 

20 the culture was at 0.65. An aliquot of 35ml SOB medium (20g/l Tryptone 
(peptone from casein - Merck KGaA., Art. No. 1.07213), 5g/l Yeast Extract 
(Merck KGaA., Art No. 1.03753), 0.5g/l NaCI (BDH, Art No 10241), 0.186g/l 
KCI (BDH, Art No.101984L)) supplemented with 350^1 2M Mg 2 + (1M 
MgSO 4 7H 2 0 (Fluka, Art No. 63138), 1M MgCI 2 .6H 2 0 (Fluka, Art No. 

25 63068), was added to the flask containing the culture and swirled gently to 
mix. The culture was dispensed in 850//I aliquots into pre-chilled cryovial 
vials (NUNC, Art.No. 3.68632). An aliquot of 150//I glycerol (Fluka, Art No. 
49767), was added to each vial, the content mixed by gently inverting, and 
placed immediately on dry ice. When the contents of each seed stock vial 

30 were frozen they were transferred to - 70°C storage. 
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To prepare the inoculum, a vial of seed stock JM109 was removed from - 
70°C storage. Using a 10//I loop, a sample was removed by scraping the 
surface of the content of the vial. The sample was spread on a Luria Broth 
Agar plate (10g/l Tryptone (Difco, Art. No. 21 1705), 5g/l Yeast Extract 
5 (Difco, Art No. 212750), 10g/l NaCI (Sigma, Art No. S7653), 15g/l Agar 
(Merck, KGaA, 536025J), pH adjusted to 7.5 with NaOH), using 
conventional methods to ensure growth of individual separate single 
colonies of bacteria. The plate was incubated for 16 hours at 37°C and 
transferred to +4°C storage. 

10 

The above plate was removed from +4°C storage and 3 colonies 
transferred to a 1L (Pyrex, Art No. 1 130/26) conical flask containing 100ml 
LB broth (10g/l Tryptone (Difco, Art No. 212750), 5g/l Yeast extract (Difco, 
Art No. 212750), 10g/l NaCI (Sigma, Art No. S7653), - pH adjusted to 7.5 
1 5 with NaOH). Two flasks were prepared in this manner. The flasks were 
incubated at 37°C with shaking at 180rpm. After approximately 16 hours 
the cultures reached an OD 60 onm (Pharmacia LKB, Novaspec II Visible 
Spectrophotometer) of 1 .49 and 1 .45. The contents of the flasks were 
pooled and immediately placed on ice for 15 minutes. 

20 

Aliquots of 45ml of the chilled culture were transferred to 2 pre-chilled 
centrifuge tubes (Falcon, Art. no. 352070). The cells were collected by 
centrifugation in an 5804R Eppendorf centrifuge using rotor type F34-6-38 
and inserts (Eppendorf, Art No 5804 774000), at 6000rpm, 4°C for 5 

25 minutes. An aliquot of approximately 5ml of the supernatant (ie spent 

media) was decanted into a Universal vial and the remainder discarded, 
taking care not to disturb the pellet. The Universal vial containing the 
supernatant was placed on ice. The pellets were each resuspended in 
0.45ml of the supernatant by gentle aspiration using a 1 ml sterile plastic 

30 pasteur pipette. The resuspended pellets were pooled, and returned to the 
ice bath. This concentrated cell suspension was used as the inoculum. 
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The viability of the cells in the inoculum was determined at this point. A 
standard dilution series was prepared in NB and plated in duplicate onto 
Nutrient Agar, NA (Merck KGaA, Art. no. 1 .05450). The plates were 
5 incubated at 37°C for at least 1 Shours, or at 20°C for at least 72hours and 
the colonies counted. 

Inoculation of the strips 

1 o The cells used for the inoculum were maintained in the ice bath for the 
duration of this procedure. The adhesive film sealing the access window 
was peeled back allowing access to the pad. An aliquot of 1jxl of the cell 
suspension was dispensed onto the pad using standard micropipettes 
(BRAND TRANSFERPETTE 0.1-1//1, PLASTIBRAND Tips, 0.1-20//). The 

15 adhesive film was replaced immediately after inoculation and the access 
window thus re-sealed. This procedure was repeated for each of the strips 
to be inoculated. The inoculated strips remained at room temperature (ie 
20°C) for 1 hour. As controls, six strips were tested to determine the 
average initial viable cell number on the strip according to the procedure 

20 below. The remaining strips were then transferred to elevated (30°C) 

temperature storage for defined periods. As required, after set time periods 
at the storage temperature, the strips were removed from this incubation, 6 
in total for each time point, equilibrated to room temperature, then tested to 
determine the remaining viable cell number on the strip according to the 

25 procedure below. 

To determine the viable cell number on the strip. 

the foil pouch was opened by tearing the foil at the opposite end to the 
30 inoculated pad. The strip was aseptically removed and transferred to a 

Bijou (Sterilin Art. no. 129A) containing 2ml NB in order to immerse the pad. 
The Bijou and contents were gently agitated and a 5 minute period allowed 
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for the cells/protectant to re-hydrate from the pad. A standard dilution series 
was prepared in NB and plated in duplicate onto Nutrient Agar, NA (Merck 
KGaA, Art. no. 1 .05450). The plates were incubated at 37°C for at least 18 
hours, or at 20°C for at least 72hours and the colonies counted. 

5 

Control A - Strips prepared without protectant on the pad and no 
protectant in the inoculum 

Strip devices were prepared and tested as described in the above method, 
1 o except for the omission of the dispensing and drying of protectant on the 

pad. The strip device was therefore also not placed for 30 minutes beneath 
the hot air fan. 

Control B - Strips prepared with No protectant on the pad. Protectant 
1 5 present in the inoculum. 

Strip devices were prepared and tested as described in the above method, 
except for the omission of the dispensing and drying of protectant on the 
pad and except for the following modification to the preparation of the 
20 inoculum. 

The inoculum was prepared as described above except that each pellet 
was resuspended in 0.45ml protectant solution (25% (w/w) Sucrose (BDH 
Art.no. 102745C) in Nutrient Broth (Nutrient Broth No.2 Merck KGaA, Art. 
25 no. 1 1 01 36), filter sterilised) 

Results: 

The surprising result can be seen from Table A below that good stability 
30 (survival for greater than 209 days (in elevated (30°C) temperature 

storage) was only achieved with the incorporation of protectant on the pad 
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of the device. The bacteria inoculated into the device did not survive for 
greater than seven days in the absence of dried protectant on the pad. 



15 



20 





Time (days) 


Protectant on 

pad /NO 
protectant in 
the inoculum 

(cfu/strip) 


Control A 

NO protectant 
on the pad / NO 
protectant in the 
inoculum 
(cfu/strip) 


Control B 

NO protectant 
on the pad / 
Protectant in the 
inoculum 
(cfu/strip) 


Inoculum 
added to 
strip 


0 


4.60E+08 


4.60E+08 


4.45E+08 




Cells 

recovered 
from 
storage 
strip 


0 

(1hr after 
inoculation) 


5.5E+07 


7.7E+05 


8.4E+05 


7 


3.4E+06 


No colonies 
observed 


No colonies 
observed 


14 


5.1E+06 


No colonies 
observed. 


No colonies 
observed. 


21 


2.2E+06 


No further tests 
carried out 


No further tests 
carried out 


69 


3.1E+06 






209 


6.1E+05 







Table A 



A graphical view of these results can be found in Figure 3. On the X-axis 
the time is given in days. On the Y-axis, the cfu per strip is shown. The 
circles show the data obtained with a test strip according to the present 
invention (Protectant on pad / NO protectant in the inoculum), the quadrats 
and triangles show the data obtained with Control A and Control B 
respectively. 



30 
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Experiment 2 To show cell survival with Campylo bacter leiuni ss. 
ieiuni ATCC -33560 on the test strip, using 3 inoculu m types: Colony. 
Culture and Concentrated Cells. 

Preparation of the strip devices 

As described for Experiment 1 

Preparation of the inocula 

Approximately 6ml Bolton Broth (Oxoid, Art. No. CM983, autoclaved at 
121°C for 15 minutes) plus 5% Laked Horse Blood (SR0048C, added to the 
broth once cooled to below 50°C) in a 7ml Bijou was inoculated with 
Campylobacter jejuni ss. jejuni, ATCC33560, cells and incubated at 37°C 
for 72 hours. This culture was maintained as a serial culture by transferring 
1 ml culture into 5ml Bolton Broth plus 5% Laked Horse Blood, contained in 
Bijou, and incubated at 37°C for 48-72 hours. 

An aliquot of 1ml of the above culture was used to inoculate 5ml Bolton 
Broth (without blood) in a Bijou, and incubated at 37°C for 48-72 hours. 
This culture was maintained as a serial culture by transferring 1ml culture 
into 5ml Bolton Broth (without blood), contained in a Bijou, and incubated at 
37°C for 48-72 hours. 

From this culture, cells were streaked on to a Columbia Blood Agar plate, 
(39g/l Columbia Agar Base, Oxoid CM331, sterilised at 121°C for 15 
minutes and 5% Laked Horse Blood, Oxoid SR0048C added when cooled 
to below 50°C) and incubated at 37°C for 48 hours in a CO a enriched 
atmosphere. This plate was used to inoculate the strips with colonies (the 
colony inoculum). 
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Cultures were set up from the serial culture by inoculating 6 x 5ml Bolton 
Broth (without blood) contained in Bijou, each with 1ml culture. The cultures 
were grown at 37°C for 48 hours. 

5 The contents of the Bijou were pooled in a 30ml Universal vial (Sterilin, Art. 
No.128A) and immediately placed on ice for 15 minutes. The ODeoonm 
(Pharmacia LKB, Novaspec II Visible Spectrophotometer) of the pooled 
culture was measured to be 0.21 . An aliquot of approximately 3ml of this 
culture was maintained on ice and used to inoculate the strips (the Culture 

10 inoculum). 

Aliquots of 2 x 13ml of the chilled culture were transferred into 2 pre-chilled 
centrifuge tubes (Falcon, Art. no. 352096). The cells were collected by 
centrifugation in an 5804R Eppendorf centrifuge using rotor type F34-6-38 

1 5 and inserts (Eppendorf, Art No 5804 774000), at 6000rpm, 4°C for 5 
minutes. An aliquot of approximately 5ml of the supernatant, (ie spent 
media) was decanted into a Universal vial and the remainder discarded, 
taking care not to disturb the pellet. The Universal containing the 
supernatant was placed on ice. The pellets were resuspended, each with 

20 0.13ml of the chilled supernatent by gentle aspiration using a 1 ml sterile 

plastic pasteur pipette. The concentrated cell suspensions were pooled and 
used to inoculate the strips (the Concentrated cell inoculum). 

The viability of the cells in the Culture inoculum and the Concentrated cell 
25 inoculum were determined at this point. Standard dilution series were 
prepared in Bolton Broth (without blood) and plated in duplicate onto 
Columbia Blood Agar. The plates were incubated at 37°C for at least 48 
hours in a-C0 2 enriched environment, and the colonies counted. 



30 



WO 2004/055171 



-29- 



PCT/EP2003/013205 



Inoculation of the strips 
Inoculation using colonies 

5 The plate from which single colonies were to be used was removed from 
the incubator and placed onto the workbench at 20°C. The seal on a strip 
was peeled back allowing access to the pad via the access window. Each 
colony was removed from the agar plate using a -\fj\ loop (Nunc Brand, 1//I 
Clear, Art No. 254410) and "rubbed" onto the pad/protectant. The seal was 

1 o replaced immediately. This procedure was repeated for each of the strips to 
be inoculated. 

The cell viability of a typical colony from the plate was determined at this 
point. The colony was resuspended in 1 ml of Bolton Broth (without blood), a 
15 standard dilution series was prepared in the same broth, plated in duplicate 
onto Columbia Blood Agar and incubated at the required temperature and 
duration. The colonies were counted to establish the cfu per colony. 

Inoculation using the culture and the concentrated cell suspension 

20 

As described for Experiment 1 . 

This procedure was carried out for each of the inoculum types. 
25 To determine the viable cell number on the strip. 

As described in Experiment 1 with the following exceptions; 

Bolton Broth (without blood) was used as the diluent, and Columbia Blood 
30 Agar as the growth medium. The plates were incubated at 37°C for at least 
48-72 hours in a CO2 enriched atmosphere. 
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Control C - Strips prepared as described above without inoculation 

Strip devices were prepared and tested as described in the above method, 
except for the omission of any kind of inoculum. The strips were tested, 36 
in total, as described above for the determination of cell viability after 
storage. 

Results: 



Table B below shows good stability (survival for greater than 56 days) in 
elevated (30°C) temperature storage using the method of the invention. 



20 



25 





Time (days) 


Strips 
inoculated 
with single 
colonies 

(cfu/strip) 


Strips 
inoculated 

with 
stationery 

culture 

(cfu/strip) 


Strips 
inoculated 
with 
concentrated 
cells 

(cfu/strip) 


Control C 
No 

inoculation 

(cfu/strip) 


Inoculum 
added to 
strip 


0 


1.5E+08 


9.0E+05 


3.9E+06 


No colonies 
observed. 








Cells 

recovered 
from 
storage 
strip 


0 

(1hr after 
inoculation) 


1.1E+06 


6.1E+03 


1.3E+05 


No further 
tests carried 
out 


7 


6.5E+04 


2.7E+03 


1.4E+05 




14 


7.8E+04 


3.1E+03 


6.6E+04 




21 


6.5E+04 


2.4E+03 


1.1E+05 




56 


4.3E+03 


1 .7E+03 


5.9E+04 





Table B 



A graphical view of these results can be found in Figure 4. On the X-axis 
the time is given in days. On the Y-axis, the cfu per strip is shown. The 
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triangles quadrats, and diamonds show the data obtained with the Singles 
colony, Culture and Concentrated cell inoculums respectively. 

Experiment 3 To show cell survival with Candida albicans ATCC - 
5 10231 on the test strip, using 3 inoculum types: Colony, Culture and 
Concentrated cells. 

Preparation of the strip devices 

10 As detailed in Experiment 1 with the following exception; 

The self adhesive desiccant (CSP Technologies, ACTIV-STRIP, M-0002- 
58). was removed from the protective foil pouch, and cut into pieces of 
44.0mm x -1 2.6mm x 0.30mm. 

15 

Preparation of the inocula 

Candida albicans ATCC-10231 was obtained as TWISTER 0006 from 
which a seed stock was prepared. The TWISTER was rehydrated using the 
20 rehydration solution provided, streaked onto the Sabouraud 4% Maltose 
agar (65g/l Merck Art. no. 105439) and incubated at 25°C for 72 hours. 

A well isolated colony was selected from the agar plate, transferred to a vial 
containing cryobeads (Microbank, PROLAB Diagnostics, Art. No. PL160) 
25 and emulsified in the protective medium. The vial was inverted several 

times and as much of the protectant medium as possible was removed by 
aspiration. The vial was transferred to -7Q°C immediately after inoculation. 

The organism was streaked from this cryobead stock onto a Sabouraud 4% 
30 Maltose Agar plate using conventional methods to ensure growth of 

individual separate single colonies of bacteria, and incubated at 25°C for 72 
hours. This agar plate was used to provide single colonies for the 
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inoculation of the strips (the Colony inoculum), and to inoculate broth to be 
used for the Culture and Concentrated cell inoculums. 

A single colony from the plate prepared above was used to inoculate 50ml 
Maltose Broth (10g/l Peptone, Merck Art. No. 107213, 40g/l Maltose, Merck 
Art. No. 291314H) in a 100ml Sterilln pot (Sterilin Art. No. 185AM), 
incubated at 25°C for 72 hours. The optical density, ODeoonm was measured 
(Pharmacia LKB, Novaspec II Visible Spectrophotometer) to be 0.86. The 
culture was placed on ice for 15 minutes. An aliquot of approximately 4ml of 
this culture was maintained on ice and used to inoculate the strips (the 
Culture inoculum). 

An aliquot of 45ml of the chilled culture was transferred to a pre-chilled 
centrifuge tube (Falcon, Art. no. 352070). The cells were collected by 
centrifugation in an 5804R Eppendorf centrifuge using rotor type F34-6-38 
and inserts (Eppendorf, Art No 5804 774000), at 6000rpm, 4°C for 5 
minutes. An aliquot of approximately 5ml of the supernatant (ie spent 
media) was decanted into a Universal vial and the remainder discarded, 
taking care not to disturb the pellet. The Universal containing the 
supernatant was placed on ice. The pellet was resuspended in 0.45ml of 
the supernatant by gentle aspiration using a 1 ml sterile plastic pasteur 
pipette. The resuspended pellet was pooled, and returned to the ice bath. 
This concentrated cell suspension was used to inoculate the strips (the 
Concentrated cell inoculum). 

The viability of the cells in the Culture inoculum and the Concentrated cell 
inoculum were determined at this point. Standard dilution series were 
prepared in Maltose Broth and plated in duplicate onto Sabouraud 4% 
Maltose agar. The plates were incubated at 25°C for at least 72 hours, and 
the colonies counted. 
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Inoculation of the strips 
Inoculation using colonies 

5 As described in Experiment 2 with the following exceptions: 

Maltose broth was used as the diluent, and Sabouraud 4% Maltose Agar a* 
the growth medium. The plates were incubated at 25°C for at least 72 
hours. 

10 

Inoculation using the culture and the concentrated cell suspension 

As described for Experiment 1 . 

15 

This procedure was carried out for each of the inoculum types. 

To determine the viable cell number on the strip. 

20 As described in Experiment 1 with the following exceptions; 

Maltose broth was used as the diluent, and Sabouraud 4% Maltose Agar 
the growth medium. The plates were incubated at 25°C for at least 72 
hours. 

25 

Control D - Strips prepared as described above without inoculation 

As described for Experiment 2. 

30 
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Results: 

Table C below shows good stability (survival for greater than 56 days) ir 
elevated (30°C) temperature storage using the method of the invention. 



10 



20 



■ 


rime (days) ! 

i 


Strips ! 
inoculated i 
with single ' 
colonies 

(cfu/strip) 


Strips J 

inoculated 

with 

stationery 
culture 

(cfu/strip) 


Strips < 

inoculated 

with 

concentrated 
cells 

(cfu/strip) 


Control D 
No 

Inoculation 

(cfu/strip) 


Inoculum 
added to 
strip 


0 


1.2E+07 


7.0E+04 


3.4E+06 


No colonies 
observed. 






Cells 

recovered 
from 
storage 
strip 


0 

(1hr after 
inoculation) 


7.0E+06 


3.8E+03 


4.6E+05 


No further 
tests carried 
out 


8 


9.0E+05 


3.9E+02 


4.7E+04 




14 


1.0E+06 


7.4E+02 


4.3E+04 




22 


1.7E+06 


5.1 E+02 


4.7E+04 




56 


1.1E+06 


2.0E+03 


2.4E+05 





Table C 



A graphical view of these results can be found in Figure 5. On the X-axis 
the time is given in days. On the Y-axis, the cfu per strip is shown. The 
triangles quadrats, and diamonds show the data obtained with the Single 
colony, Culture and Concentrated cell inoculums respectively. 
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Experiment 4 To show cell survival with Pseudomon as aeruginosa 
ATCC 27853 on the test strip, using 3 inocu lum types: Colony. Culture 
and Concentrated cells. 

Preparation of the strip devices 

As detailed in Experiment 1 with the following exception; 

The self adhesive desiccant (CSP Technologies, ACTIV-STRIP, M-0002- 
58). was removed from the protective foil pouch, and cut into pieces of 
44.0mm x ~1 2.6mm x 0.30mm. 

Preparation of the inocula 

Pseudomonas aeruginosa ATCC-27853 was obtained as TWISTER 0026 
(PROLAB Diagnostics) from which a seed stock was prepared. The 
TWISTER was rehydrated using the rehydration solution provided and 
streaked onto Nutrient Agar ( Merck KGaA, Art. no.1 .05450) at 37°C for16 
hours. 

A well isolated colony was selected from the agar plate, transferred to a vial 
containing cryobeads (Microbank, PROLAB Diagnostics, Art. No. PL160) 
and emulsified in the protective medium. The vial was inverted several 
times and as much of the protectant medium as possible was removed by 
aspiration. The vial was transferred to -70°C immediately after inoculation. 

The organism was streaked from this cryobead stock onto a Nutrient Agar 
plate using conventional methods to ensure growth of individual separate 
single 

colonies of bacteria, and incubated at 37°C for 16 hours. This agar plate 
was used to provide single colonies for the inoculation of the strips (the 
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Colony inoculum), and to inoculate broth to be used for the Culture and 
Concentrated cell inoculums. 

A single colony from the plate prepared above was used to inoculate 50ml 
i Nutrient Broth (Nutrient Broth No.2 Merck KGaA, Art. no. 1 1013610g/l) in a 
100ml Sterilin pot (SteriHn Art. No. 185AM), and incubated at 37°C for 16 
hours. The optical density, ODsoonm was measured (Pharmacia LKB, 
Novaspec II Visible Spectrophotometer) to be 0.48. The culture was placed 
on ice for 15 minutes. An aliquot of approximately 4ml of this culture was 
I o maintained on ice and used to inoculate the strips (the Culture inoculum). 

An aliquot of 45ml of the chilled culture was transferred to a pre-chilled 
centrifuge tube (Falcon, Art. no. 352070). The cells were collected by 
centrifugation in an 5804R Eppendorf centrifuge using rotor type F34-6-38 
1 5 and inserts (Eppendorf, Art No 5804 774000), at 6000rpm, 4°C for 5 
minutes. An aliquot of approximately 5ml of the supernatant (ie spent 
media) was decanted into a Universal vial and the remainder discarded, 
taking care not to disturb the pellet. The Universal containing the 
supernatant was placed on ice. The pellet was resuspended in 0.45ml of 
20 the supernatant by gentle aspiration using a 1 ml sterile plastic pasteur 

pipette. The resuspended pellet was pooled, and returned to the ice bath. 
This concentrated cell suspension was used to inoculate the strips (the 
Concentrated cell inoculum). 

25 The viability of the cells in the Culture inoculum and the Concentrated cell 
inoculum were determined at this point. This was carried out as described 
in Experiment 1 
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Inoculation of the strips 
Inoculation using colonies 

5 As described in Experiment 2 with the following exceptions: 

Nutrient Broth was used as the diluent, and Nutrient Agar as the growth 
medium. The plates were incubated at 37°C for at least 16 hours. 

10 inoculation using the Culture and the Concentrated cell suspension 

As described for Experiment 1. 

This procedure was carried out for each of the inoculum types. 
To determine the viable cell number on the strip. 

As described for Experiment 1. 

The plates were incubated at 37°C for at least 16 hours. 
Control E - Strips prepared as described above without inoculation 

As described for Experiment 2. 



15 



20 



25 



Results: 



Table D below shows good stability (survival for greater than 56 days) in 
elevated (30°C) temperature storage using the method of the invention. 
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5 



15 





Time (days) 


Strips 
inoculated 
with single 
colonies 

(cfu/strip) 


Strips 

inoculated 

with 

stationery 
culture 

(cfu/strip) 


Strips 

inoculated 

with 

concentrated 
cells 

(cfu/strip) 


uontroi t 
No 

inoculation 

(cfu/strip) 


Inoculum 
added to 
strip 


0 


4.1E+07 


3.8E+06 


1.4E+08 


No colonies 
observed. 




Cells 

recovered 
from 
storage 
strip 


0 

(1hr after 
inoculation) 


8.4E+06 


1.7E+05 


1 .3E+07 


No further 
tests carried 
out 


6 




2.4E+03 


6.6E+05 




7 


1.0E+06 








14 


5.0E+05 


2.3E+03 


1.8E+06 




21 


6.7E+05 


1.4E+03 


1.6E+06 




56 


3.6E+04 


5.3E+02 


1.8E+05 





Table D 



A graphical view of these results can be found in Figure 6. On the X-axis 
the time is given in days. On the Y-axis, the cfu per strip is shown. The 
triangles quadrats, and diamonds show the data obtained with the Singles 
colony, Culture and Concentrated cell inoculums respectively. 

Experiment 5 To show cell survival with Lactobacillus acidophilus 
ATCC 4356 on the test strip, using 3 inoculum types: Colony. Culture 
and Concentrated cells. 

Preparation of the strip devices 



30 



As described in Experiment 1 . 
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Preparation of the inocula 

Lactobacilus acidophilus ATCC-4356 was obtained as TWISTER 0018 
(PROLAB Diagnostics). The TWISTER was rehydrated using the 
5 rehydration solution provided and streaked onto MRS Agar (52.4g/l MRS 
Broth, Merck KGaA, Art. no. 11066,14g/l Agar, Merck KGaA, Art. No. 
101614). The agar plate was incubated at 35°C for 72 hours in a CO a 
enriched atmosphere. 

This agar plate was used to provide single colonies for the inoculation of 
1 o the strips (the Colony inoculum). 

An aliquot of 1 00//I of the rehydrated cells from the TWISTER was 
transferred to 50ml MRS Broth (52.4g/l MRS Broth, Merck KGaA, Art. no. 
1 10661) in a 100ml Sterilin pot (Sterilin Art. No. 185AM), and incubated at 
1 5 35°C for 72 hours. The optical density, ODeoonm was measured (Pharmacia 
LKB, Novaspec II Visible Spectrophotometer) to be 0.97. The culture was 
placed on ice for 15 minutes. An aliquot of approximately 4ml of this culture 
was maintained on ice and used to inoculate the strips (the Culture 
inoculum). 

20 

An aliquot of 45ml of the chilled culture was transferred to a pre-chilled 
centrifuge tube (Falcon, Art. no. 352070). The cells were collected by 
centrifugation in an 5804R Eppendorf centrifuge using rotor type F34-6-38 
and inserts (Eppendorf, Art No 5804 774000), at 6000rpm, 4°C for 5 

25 minutes. An aliquot of approximately 5ml of the supernatant (ie spent 

media) was decanted into a Universal vial and the remainder discarded, 
taking care not to disturb the pellet. The Universal containing the 
supernatant was placed on ice. The pellet was resuspended in 0.45ml of 
the supernatant by gentle aspiration using a 1ml sterile plastic pasteur 

30 pipette. The resuspended pellet was pooled, and returned to the ice bath. 
This concentrated cell suspension was used to inoculate the strips (the 
Concentrated cell inoculum). 
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The viability of the cells in the Culture inoculum and the Concentrated cell 
inoculum were determined at this point. Standard dilution series were 
prepared in MRS Broth and plated in duplicate onto MRS Agar. The plates 
5 were incubated at 35°C for at least 72 hours in a C0 2 enriched atmosphere, 
and the colonies counted. 

Inoculation of the strips 

10 Inoculation using colonies 

As described for Experiment 2 with the following exceptions: 



15 



25 



MRS Broth was used as the diluent, and MRS Agar as the growth medium. 
The plates were incubated at 35°C for at least 72 hours in a C0 2 enriched 
atmosphere. 



Inoculation using the culture and the concentrated cell suspension 
20 As described for Experiment 1 . 

This procedure was carried out for each of the inoculum types. 
To determine the viable cell number on the strip. 

As described for Experiment 1 with the following exceptions; 



MRS broth was used as the diluent, and MRS Agar as the growth medium. 
The plates were incubated at 35°C for at least 72 hours in a C0 2 enriched 
30 atmosphere. 
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Control F - Strips prepared as described above without inoculation 



As described for Experiment 2. 



5 Results: 



Table E below shows good stability (survival for greater than 56 days) i 
elevated (30°C) temperature storage. 



10 


rime (days) ! 


Strips ! 
inoculated 
with single 
colonies 

(cfu/strip) 


Strips 

inoculated 

with 

stationery 
culture 

(cfu/strip) 


Strips < 

inoculated 

with 

concentrated 
cells 

(cfu/strip) 


Control F 
No 

inoculation 

(cfu/strip) 


15 


Inoculum 
added to 
strip 


0 


9.6E+06 


4.7E+05 


2.2E+07 


No colonies 
observed. 










20 


Cells 


0 

(1hr after 
inoculation) 


3.6E+05 


3.3E+04 


1 .6E+06 


No further 
tests carried 
out 


recovered 

from 

storage 


7 


1.6E+06 


2.4E+04 


8.2E+05 






15 


2.2E+05 


5.7E+03 


3.8E+05 






strip 


21 


3.1E+05 


1 .8E+04 


1 .6E+06 








56 


6.4E+05 


|8.8E+03 


5.2E+05 




25 


Table E 












30 


A graphical view of these results can be found in Figure 7. On the X-axis 
the time is given in days. On the Y-axis, the cfu per strip is shown. The 
triangles quadrats, and diamonds show the data obtained with the Singles 
colony, Culture and Concentrated cell inoculums respectively. 
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Ex periment 6 To show cell survival on the te st strip with desiccant 
present in the system. 

Preparation of the strip devices 

As described in Experiment 1 with the following exceptions: 

The desiccant pieces were without adhesive. The foil pouch was sealed 
using a soldering iron (Weller WHS40) at a temperature of 350°C 

Preparation of the inoculum 

E.coli ATCC-25922 was obtained as TWISTER 0014 (PROLAB 
Diagnostics) from which a seed stock was prepared. The TWISTER was 
rehydrated using the rehydration solution provided and streaked onto 
Nutrient Agar ( Merck KGaA, Art. no.1. 05450) at 37°C for 16 hours. 

A well isolated colony was selected from the agar plate, transferred to a vial 
containing cryobeads (Microbank, PROLAB Diagnostics, Art. No. PL160) 
and emulsified in the protective medium. The vial was inverted several 
times and as much of the protectant medium as possible was removed by 
aspiration. The vial was transferred to -70°C immediately after inoculation. 

The organism was streaked from this cryobead stock onto a Nutrient Agar 
plate using conventional methods to ensure growth of individual separate 
single 

colonies of bacteria, and incubated at 37°C for 16 hours. 

A single colony from the plate prepared above was used to inoculate 50ml 
Nutrient Broth (Nutrient Broth No.2 Merck KGaA, Art. no. 1 1013610g/l) in a 
100ml Sterilin pot (Sterilin Art. No. 185AM), and incubated at 37°C for 16 
hours. The optical density, ODeoonm was measured (Pharmacia LKB, 
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Novaspec II Visible Spectrophotometer) to be 0.52. The culture was placed 
on ice for 15 minutes. This culture was used to inoculate the strips. 

The viability of the cells in the culture was determined at this point. This 
was carried out as described in Experiment 1 

Inoculation of the strips 



10 



15 



Inoculation using the culture 

As described for Experiment 1with the following exception; 
Immediately after inoculation, the primary seal was replaced to seal the 
access window, and a secondary seal of Aluminium foil tape, 50 micron, 
(RS Art. No 408-9574) was placed over this primary seal. 

To determine the viable cell number on the strip. 



As described for Experiment 1 
20 Control G - Strips prepared as described above without desiccant 

Strip devices were prepared and tested as described in the above method, 
except for the omission of the desiccant. 



25 Results: 

Table F The surprising result can be seen from Table F below that good 
. stability (survival for greater than 14 days (in elevated (30°C) temperature 
storage) was only achieved with the incorporation of desiccant within the 
30 device. The bacteria inoculated into the device did not survive for greater 
than seven days in the absence of desiccant in the device. 
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15 





Time* fdavs^ 


St r ids 

prepared with 
desiccant 

(cfu/strip) 


Control G — 
Strips prepared 
without 
desiccant 

(cfu/strip) 


Inoculum 
added to 
strip 


0 


2.1E+06 


2.1E+06 




Cells 

recovered 
from 
storage 
strip 


0 

(1hr after 
inoculation) 


2.4E+04 


2.2E+04 


7 


4.0E+03 


No colonies 
detected 


14 


7.5E+03 


No colonies 
detected 


21 


1.0E+04 


No further tests 
carried out 



Table F 



A graphical view of these results can be found in Figure 8. On the X-axis 
the time is given in days. On the Y-axis, the cfu per strip is shown. The 
circles show the data obtained for the strips prepared with desiccant, and 
the triangles for those without desiccant. 
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